Abstract-The link is easy to break due to the high mobility of nodes and the constraint of road in a VANET. In this paper, we present an efficient traffic geographic routing (ETGR) with static node assistance. It includes road information collection, road weight information dissemination, the efficient traffic geographic routing and the duration estimation of the path. Each static node stores the information of other static nodes in the path for a given time. The static nodes are fixed in each intersection. The method takes static nodes as backbone nodes and vehicles as the relay nodes between two static nodes, which can survive the path for a period of time. The ETGR selects the static nodes dynamically and sequentially. The static nodes are chosen considering such parameters as the remaining distance to the destination, vehicular density, vehicular speed, etc. Route request packets forwarding between two static nodes adopts a greedy mechanism. Simulation results show performance improvement comparing with the performance of other existing routing approaches
I. INTRODUCTION
With the development of wireless communication technology, the concept of vehicular ad hoc network (VANET) has received immense attention all over the world. This increasing importance has been recognized by major car manufacturers, governmental organizations, and the academic community. In the U.S., the Federal Communications Commission has allocated 75 MHz of spectrum at 5.9 GHz for dedicated short-range communications. In recent years, several research initiatives, the Vehicle Infrastructure Initiative, the Network-on-Wheels Project, the Cooperative VehicleInfrastructure Systems Project, and the Car2Car Communication Consortium (C2C-CC), targeted the accomplishment of a VANET and the successful implementation of vehicular networks as a major step toward the realization of intelligent transportation systems (ITS). As a result, an increasing number of car manufacturers are equipping vehicles with onboard computing and wireless communication devices, in-car sensors, and the global positioning system (GPS) in anticipation of the deployment of large-scale vehicular networks. A number of attractive applications that are unique for the vehicular setting have emerged [1] . Most of the previous research on inter-vehicle communication was limited to vehicles within one hop or few hops away [2] . VANET can be used for issuing driver alerts during specific events like potential traffic jams, hazardous road conditions (slippery road warning), or accidents (to avoid multi-car collisions). Hoa-Hung Nguyen et al [3] considered the channel and inter-vehicle distance requirements in a vehicular network. Based on these requirements, they analyze the impact of the following three key parameters of the beacon dissemination on the performance of vehicular networks: beacon period, beacon transmit power, and contention window (CW) size. Apart from road safety applications, VANET is useful for other applications, including (1) info-mobility (weather information, gas station or restaurant location, city leisure information, tourist information, etc.). (2) Mobile e-commerce (advertisements or announcements of sales information). (3) Infotainment and interactive services (Internet access, distributed games, chats, music downloads, etc.).
The proposed routing must be adaptable to a highly dynamic topology of vehicles. This is a challenging task in VANET due to the following issues: (1) High mobility of the vehicles leads to frequent link breakages, which cause end to end routing unsuitable. In the case, if two cars are driving in opposite directions, the link will last only for several seconds. (2) Due to the random mobility of the vehicles, it is difficult to maintain the hop length uniformly. Fewer papers analyze the duration of the path in a VANET.
The major focus of this paper is to provide a robust routing in urban environments. We consider a scenario where several ITS applications are deployed in a city scale, for both car-to-car communication services and value-added infrastructure-based ITS services. To guarantee efficiency to different applications, several important issues have to be tackled, vehicles move at high speed, the road constrains the movement of vehicle, the topology of the VANET changes rapidly and so on. VANET is frequently disconnected because that the movement of vehicles is constrained by the roads causes many topology holes in the network. We focus on the design of a robust routing with static-node assistance. We take into account surviving the path that has been found for a period of time. Indeed, most VANET/ITS applications rely on multi-hop data delivery.
The rest of the paper is organized as follows. The related work is introduced in Section 2. The network model and problem statements are introduced in Section 3. The detailed description of our routing (ETGR) is in Section 4. In Section 5, we evaluate our proposed approach by simulation. We conclude our work in Section 6.
II. RELATED WORK
Due to the high mobility of nodes and the constraint of road in VANET, some traditional routing protocols, such as AODV [4] , DSR [5] are not suitable to VANET. Geographical routing protocols, Geographic Source Routing (GSR), greedy perimeter stateless routing (GPSR) [6] use any nodes that ensures progress toward the destination as forwarding node. But, sometimes they cannot find any forwarding node. So, the packet will be stored in the forwarding node. The improved greedy traffic-aware routing protocol (GyTAR) [7] utilizes the vehicular traffic density and the road topology to efficiently relay data in the network. Xiaojun Feng et al focus on the development of a carry-and-forward scheme that delivers data from access points to vehicles. Utilizing the vehicle's trajectory obtained from the navigation system, they proposed TaDB [8] , a Trajectory-assisted Delay-Bounded Message Delivery Algorithm. To choose delivery route within delay constraint while minimizing transmission cost, TaDB uses a Cluster-Aware Link Delay Model to estimate link delay for both the Carry and the Forward strategies on each road segment. TaDB also leverages the vehicle's planned trajectory to estimate its future location. With the real vehicular trace, [9] proposed realistic vehicular mobility model based on traffic flow theory which has considered the road topology, the vehicular speed rules and the routing selection. On this basis, they analyzed the model's proximity of the actual vehicular behavior and network connection characteristic.
Yanmin Zhu et al [10] developed greedy algorithms for base station deployment. By mining a large dataset of real vehicular GPS traces, they show that there is strong regularity with vehicle mobility. With this important observation, they formulated a new objective of maximizing the expected sensing coverage. This takes random vehicle mobility into account and exploits the regularity in vehicle mobility. Ruobing Jiang [11] proposed a novel coverage graph to maintain collected trajectories of all the encountered vehicles and their most update timing information so that the extended coverage capability of each vehicle can be estimated. Their idea is to measure vehicles' coverage capability and forward packets to those vehicles with higher probability to successfully deliver the packets. Mershad et al [12] introduced a system that takes advantage of the RSUs that are connected to the Internet and that provide various types of information to VANET users.
Some other studies employed to help message delivery in [13] [14] . Sok-Ian Sou et al [13] analyzed and quantified the improvement in VANET connectivity when one deploys a limited number of Roadside Units (RSUs). They also investigated the routing performance for broadcast-based safety applications in this enhanced VANET environment. Seh Chun Ng et al [14] developed an analytical model with a generic radio channel model to fully characterize the access probability and connectivity probability performance in a vehicular relay network considering both one-hop (direct access) and two-hop (via a relay) communications between a vehicle and the infrastructure. VADD [15] is a multi-hop routing protocol in VANET, which utilize predictable mobility of vehicles to forward data packets. Wu and jia et al [16] proposed a new multicast routing scheme by using multiple paths or multiple trees to meet the bandwidth requirement of a call. Three multicast routing strategies are studied, SPT (shortest path tree) based multiple-paths (SPTM), least cost tree based multiple-paths (LCTM) and multiple least cost trees (MLCT). The final routing tree(s) can meet the user's QoS requirements such that the delay from the source to any destination node shall not exceed the required bound and the aggregate bandwidth of the paths or trees shall meet the bandwidth requirement of the call.
Li and Jia et al [17] considered the problem of constructing a routing tree with a minimal number of wave lengths on the tree. Robert Lasowski et al [18] introduced the idea of Beaconing as a Service approach which follows two core aspects. First, control the beacon rate intelligently with respect to a real benefit of a message transmission e.g. a vehicle detects a potential collision situation. Second, utilize the overall communication bandwidth, which is divided into several communication channels. [19] introduced the routing protocol MV, which learns structure in the movement patterns of network participants and uses it to enable informed message passing. [20] proposed MaxProp, a protocol for effective routing of DTN messages. MaxProp is based on prioritizing both the schedule of packets transmitted to other peers and the schedule of packets to be dropped. Hu and Jia et al [21] studied the multicast routing problem of constructing a set of k-drop light-trees that have the minimal network cost.
Nianbo Liu et al [22] proposed the idea of ParkCast, which doesn't need investment, but leverages roadside parking to distribute contents in urban VANET. Such a collaborative design paradigm exploits the sequential contacts between moving vehicles and parked ones, implements sequential file transfer, and reduces unnecessary messages and collisions, and then expedites content distribution greatly. [23] provided a comprehensive framework for network connectivity of urban VANET by using the key metrics of interest such as path duration, connection duration and re-healing time.
III. NETWORK MODEL AND PROBLEM STATEMENTS

A. Network Model
We consider a VANET that consists of two parts: the set V of all the moving vehicles and the set SN of all the static nodes. This paper assumes that each vehicle node is equipped with GPS device, which enable them to acquire its own position and velocity. Vehicles can determine the position of their neighboring intersections through preloaded digital maps, which provide a street-level map. The static nodes are set in each intersection (for example, in a traffic light).The real-time traffic information about related streets is sent to the specified static node by vehicles. The source node has known the position of the destination for making a decision to route.
We assume that the deployment of SN is given and the locations of the SN are fixed. The position of a vehicle is changing over time. Let ci(t) stand for the position of a node i V at time t. When we consider slotted time, the trajectory of a node i is a sequence of positions, denoted by Tri=<c i (0), c i (1), c i (2),…., c i (j),...> When the distance between two nodes (two nodes  SN or V) is smaller than the transmission range, the two nodes can communicate with each other. Each vehicle generates data packets over time. We consider unicast data delivery, i.e., each packet p has a single source, s(p), and a single destination d(p).
B. Problem Statements
The goal is to find a path from the source of each packet p to its destination. The route for p, denoted by R p , is essentially a sequence of relays that can be a vehicular node or a static node. r i stands for a relay node. To solve this problem, we present a static-nodeassisted routing. When the path has been found, each static node stores the information of other static nodes in the path for a given time. The path that takes static nodes as backbone nodes and vehicles as the relay nodes between two static nodes are stable during the period. The given time estimation will be stated in section 4-C.
In addition, if the target zone is in the transmission range of static node in the path, any c i (j) within the transmission range of static nodes can forward data packets through the path during the period. (See the red node in Fig. 2) . Therefore, the method can increase the Packet Delivery Ratio and decrease the End-to-End Delay of packets. 
IV. THE ETGR DESIGN
A. Static Nodes Selection
The real-time traffic information of the related streets is sent to the specified static node by the leaving vehicles. The information mainly consists of the velocity, the direction, the position and the number of vehicles. Let Csn_sn j _vehicle_density stand for the density of vehicle between the Csn and sn j , and Csn_neighbor_SN stand for the neighbor static node collection of the current static node. The curve metric distance from the candidate static node sn j to the destination, is denoted by sn j _distacne, should be sent to the current static node. The current node selects its next relay static node by applying Algorithm 1. Figure 4 . The candidate static nodes and the curve distance. Fig. 4 shows the candidate static nodes and the curve distance from the candidate static nodes to the destination.
Once the source node forwards a packet, it considers the weight value of each neighbor static node with its curve metric distance to the destination and the vehicle density between the two static nodes. The one that have the highest weight value will be then chosen as the next static node.
B. Packet Dissemination Between Two Static Nodes
Once the next static node has been selected, a greedy strategy is adopted to transmit packets to it. The current node selects its next relay by applying Algorithm 2. Each vehicle maintains a neighbor collection, is denoted by v_neighbor_C, in which the real-time information of each neighbor vehicle is recorded. This collection is built and updated through Hello messages periodically exchanged by all vehicles. 
C. The Given Time Estimation
When a message needs to be forwarded from a source node to a destination node, a route request packet (RREQ) will be initiated by the source node and transmitted to the destination node. Once the RREQ has arrived at the destination, a route reply packet (RREP) will be initiated by the destination node and transmitted back to the source node. Each static node stores the information of other static nodes in the path for a given time. The given time is set considering parameters such as the average speed of vehicles, the delay time generated in the transmission, the valid curve metric distance between the source and the destination. So, the path takes static nodes as backbone nodes (as sn 1 , sn 2 , sn 3 and sn 4 showed in Fig. 6 ) and vehicles as the relay nodes between two static nodes, which can survive stably during the given period. The probability that there are k nodes within the radio transmission range of a static node follows a Poisson distribution.
(
Here λ=σ/E v , σ represents the mean arrival rate of vehicles at the street and E v denotes the average speed of vehicles at the street. The parameter d denotes as the any radius of the circle that considers the static node as center, and d<R. R is the maximal radio transmission range of a static node. The probability that there is at least one node in the circle is P.
If the probability that there is at least one node in the circle is P 0 , then we get minimal d. (1) Figure 7 . The example minimal distance of node and the static node when P=P0 Fig 7 shows the probability that there is at least one node in the transmission range of a static node as a function of the distance of node and the static node and λ. The distance radius d has a dramatic change when the probability increases from 0.7 to 0.8. So 0.8 is the threshold of the probability. When λ=0.01, and if the average speed of vehicles is set as 36km/h based on the experiential result, we can get the T that is 9s according the formula (1).
V. SIMULATIONS
In our simulations, we performed a set of experiments for simulation area which has 12 streets. Vehicles are able to communicate with each other using the IEEE 802.11 MAC layer. The simulation parameters are given in Table 1 . We mainly compare ETGR with GSR and GyTAR in two metrics: delivery ratio and average end to end delay.
End-to-End delay: As shown in Fig. 8 , ETGR and GYTAR achieve a much lower end-to-end delay than GSR in all configurations. This is because in ETGR and GYTAR, the number of hops involved in delivering packets is reduced due to the improved greedy strategy used to forward packets between intersections and because ETGR does not need to keep track of an end-toend route before sending data packets; the route is progressively discovered when relaying data packets from the source to the destination. In contrast, GSR uses a route discovery mechanism that causes longer delays. The delay of GSR is higher than ETGR because packets whose delivery was suspended are stored in the buffer longer than in ETGR's suspension buffer. Indeed, thanks to its more appropriate choice of routes, ETGR uses its recovery mechanism less often and for smaller periods of time compared with GSR. Packet delivery ratio: Fig. 9 shows that ETGR achieves the highest packet delivery ratio for almost all packet sending rates. This is mainly because in ETGR, the path is progressively determined, following the road traffic density and the urban environment characteristics. Hence, a packet will successively move closer toward the destination along streets where there are enough vehicles to provide connectivity. On the other hand, in GSR, a complete sequence of waypoints is computed before the packet is originally transmitted by the source and without considering the vehicular traffic. Consequently, some data packets cannot reach their destination due to a lack of connectivity on some sections of streets.
ETGR has a much higher delivery ratio than GYTAR. This is because with local recovery, packets that encounter the local optimum can be rerouted and delivered instead of being dropped. The increase in packet delivery ratio is more significant in the case of lower node numbers where the local optimum is frequently encountered. Rate is 0.2s) Fig. 10 represents the delivery ratio of the connections which incur network congestion in their transmission path. It shows that ETGR still has a much better performance than the other two protocols in the scenario. It is because ETGR can modify its routing paths when it comes to detecting roads with network congestion. On the other hands, GYTAR and GSR perform poorly and their results are much smoother than those from ETGR. Their performances are affected by the network congestion because they cannot detect such congestion in advance. Rate is 0.2s) Fig. 11 represents the end-to-end delay of the packet transmission in their paths with the number of nodes increasingly. When the number of nodes is little, the delay of ETGR is higher than GYTAR and GSR. This is because in ETGR, the process of finding path is dynamic and the number of paths that are stored in static nodes is little. Therefore, the probability that every pairs of source and destination find their paths is low, which causes a higher delay. The delay will be dramatically reduced with the number of nodes increasingly.
VI. CONCLUSION
In this paper, we present an efficient traffic geographic routing (ETGR), which is a robust method with staticnode assistance and taking into account surviving the found path for a period of time. It includes road weight information collection and dissemination, the given time estimation, as well as the efficient traffic geographic routing. However, path dependant features like load balance and position prediction of vehicles have not been considered. Our future work is to incorporate these factors into routing decision to enhance the performance.
